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[57] ABSTRACT 

A dipole loudspeaker includes a rigid support contain- 
ing an opening and a generally planar multi-layered 
flexible diaphragm mounted on the support and extend- 
ing across the opening. The diaphragm is formed of a 
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plurality of layers of thin flexible membrane material, 
each of the layers having a different height and contain- 
ing a thin electrical conductor arranged in a predeter- 
mined pattern on one surface thereof. The conductor 
patterns on each of the membranes have different 
masses, whereby the membrane defines along its height 
areas of various thickness and varying mass whereby 
the membrane is suitable for more accurately reproduc- 
ing or generating high and low frequencies when the 
electrical conductors arc connected with a source of 
sound signal currents. A plurality of magnets are 
mounted in spaced relation opposite at least one surface 
of the membrane and the conductor patterns for vibrat- 
ing the membrane to reproduce the sound in response to 
the sound signal currents through the conductor. A 
flexible connection is provided between the membrane 
and the support along at least one side edge at the lower 
portion thereof to provide lateral flexing of the mem- 
brane side edges while maintaining the edges substan- 
tially in the plane of the diaphragm. This flexible con- 
nection of the lower portion of the membrane side 
edges permits long excursion of the diaphragm and a 
direction toward and away from the magnet in order to 
more accurately reproduce low frequencies. An acous- 
tic filter is provided on the loudspeaker support for 
attenuating rearwardly directed low frequencies with- 
out impeding long excursion of the diaphragm. The 
membrane and support are also designed to provide 
directionality and an accurate three-dimensional image 
of sound. 



7 Claims, 4 Drawing Sheets 
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the loudspeaker construction, and usually require in 
LOUDSPEAKER STRUCTURE addition, cross-over networks, and in many instances, 

matching impedenccs for one or more of the dia- 

This application is a division of application Ser. No. phragms. Such separate diaphragms have been used in 
07/482,801, filed Feb. 21, 1990, now U.S. Pat. No. 5 the past because a relatively thick membrane diaphragm 
5,148,493, which was a division of application Ser. No. with relatively heavy conductors which are required to 
345,915 filed Sep. 19, 1988 now U.S. Pat. No. 4,939,784. accurately reproduce low frequencies, has only fair 

The present invention relates to improvements in mid-range response, and very poor high frequency re- 
loudspeakers, particularly dipole loudspeakers, and spouse. Similarly, a thin membrane with light conduc- 
generally planar diaphragm electromagnetic loudspeak- 10 tors to obtain good high frequency response cannot 
crs. These improvements enable the production of low move sufficient air to reproduce the low frequencies, 
frequency sound of substantial amplitude from a dia- and a diaphragm with good mid-range response is usu- 
phragm of relatively small area. In addition, the inven- ally deficient in both the bass and treble range, 
tion relates to improvements in a speaker of the mem- Another problem with dipole loudspeakers, such as 
brane diaphragm type which provides full range sound IS planar diaphragm speakers, is the need to space these 
reproduction characteristics, including excellent low speakers from a room wall behind the speaker to avoid 
frequencies response and three dimensional imaging reflections which distort the sound emanating from the 
owing to directionality at frequencies above 1400 Hz, in front of the speaker. 

a speaker of relatively small size. A further problem has been distortion of different 

BACKGROUND OF THE INVENTION 20 by ^ 

Planer diaphragm electromagnetic loudspeakers are eTnn . A _ v „ ____ 
generally popular because of their good sound repro- SUMMARY OF THE INVENTION 
duction characteristics. Such loudspeakers typically Many of the shortcomings and problems of the prior 
include a generally flat diaphragm composed of a mem- 25 loudspeakers, particularly planar diaphragm loudspeak- 
brane having a partem of one or more conductors ers, are overcome with the present invention, 
thereon which form the "voice coil" or signal current In accordance with one aspect of the invention, a 
carrying conductors. The membrane is positioned so planar diaphragm is so attached at its edges to a mount- 
that the conductors are located close to and in opposed ing frame or support that long excursion of the center of 
relation to magnets, or a magnetic sheet, so that the 30 the diaphragm is obtained without ripple movement 
conductors are attracted and repelled by the magnets as distortions, to produce high amplitude low frequencies, 
current signals pass through the conductors, thereby This is accomplished, where an effective portion of the 
causing the membrane to oscillate and produce sound. diaphragm is rectangular, by mounting at least opposed 

A typical planar diaphragm includes a thin flat mem- portions of the diaphragm on flexible or resilient mem- 
brane of MYLAR with a pattern of thin foil-like con- 35 bers which retain the edges of the diaphragm against 
ductors on the membrane. Aluminum is a popular con- any substantial movement normal to the plane of the 
ductor material because of its light weight. This pro- diaphragm but enable the edges to move slightly in- 
vides a rugged construction capable of withstanding wardly toward each other so that the diaphragm does 
high power input and transients without damage, since not ripple or wave like a flag during operation. This 
the resistance of the conductors is quite low and the 40 enables the center of the diaphragm to move, in a direc- 
area of heat dissipation of the conductors is quite large. tion perpendicular to the relaxed plane of the dia- 

Planar diaphragm loudspeakers have good sound phragm, a much greater distance than it can move if the 

reproduction characteristics, particularly in the low edges are rigidly anchored. It can be shown that the 

frequency range. However, in order to produce low increase in movement at the center of the diaphragm, 

frequency sound of reasonable amplitude, it is necessary 45 within the presently known operable range, is at least 10 

for the diaphragm to move relatively large amounts of times the inward deflection of the edges, 

air, which in the past has required high power input and An additional advantage of the flexible or resilient 

a large diaphragm and thus, a correspondingly large mounting at the edges of the diaphragm is increased 

speaker, because of the relatively short excursion or efficiency, because the tension in the diaphragm does 

front to back movement of the diaphragm. 50 not greatly increase at maximum excursion. Corre- 

The short excursion resulted from the need to main- spondingly, less power is required to move the dia- 

tain the diaphragm at least slightly tensioned in its mid- phragm this greater distance. 

plane position so it could not ripple or wave like a flag, In accordance with another aspect of the invention, a 

and thus cause objectionable sound distortion. To avoid single laminated diaphragm is provided which has dif- 

such ripple movement distortion, the diaphragms in the 55 ferent regions thereof tailored to reproduce respective 

past have been tensioned, and then rigidly attached to a low, mid-range, and high frequencies, so that the need 

surrounding frame. Thus, the extent of excursion or for separate diaphragms and cross-over networks is 

movement at the center of the diaphragm was quite eliminated. This is accomplished, in accordance with 

limited, because of the required low elasticity of the the invention, by laminating together membranes of 

diaphragm material. A diaphragm with a large area was 60 different lengths each with thin foil-like conductors 

therefore needed, and high power input was required thereon, to form a single multi-layer diaphragm having 

for high amplitude low frequency response, because of different thickness regions, some with multi-layer su- 

this short permissible excursion of the diaphragm. pcrimposed and aligned conductors, for full range rela- 

Other problems encountered in the past with planar tively flat sound reproduction, 
diaphragms related to the difficulty of obtaining full 65 The region of the diaphragm for reproducing treble 
range sound reproduction, without the use of multiple or high frequencies can, for example, be a single thick- 
separate diaphragms for low, mid-range, and high fre- ness of the diaphragm membrane material, with thin 
quencies. Such separate diaphragms increase the cost of narrow conductors thereon, to obtain the effect of a 
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tweeter. The region of the diaphragm for reproducing obliquely reflects high frequency components from the 

bass or low frequencies can be composed of several rear of the housing and the chamber allows full excur- 

layers of membrane material each with conductors sion of the membrane. 

thereon which are wider and/or thicker than the con* In accordance with another aspect of the invention, 

ductors of the tweeter section. The membrane material 5 the respective portions of the diaphragm which pro- 

itself used in the bass portion of the diaphragm can also duce the bass, mid-range and high frequency sounds are 

be wider and/or thicker than that used for the tweeter each of a dimension greater than the wave length of the 

region. For mid-range sound, the number of layers (or produced sound at frequencies greater than 1400 Hz. 

thickness) is less than is required for bass, and the con- This enhances the sound direction perception of the 

ductors can be narrower and/or thinner than those for 10 listener so that separation of the sounds from each 

the bass section. The membrane for the mid-range can speaker of a stereo system is greatly enhanced, thereby 

be thinner than for the bass section and thicker than for providing three dimensional audio imaging, 

the tweeter section. Accordingly, an object of the invention is to provide 

As an alternative, the conductors m the bass and ^ improved planar diaphragm loudspeaker for obtain- 

mid-range sound producing regions can all be of the 15 mg high amplitude low frequency response from a rela- 

same width, with muluple superimposed byers for bass, ^vely small diaphragm, by providing for long excursion 

and fewer layers for the mid-range. The thickness of the 0 f the diaphragm 

conductors and the membrane can be greater for the objec ; of ^ mvention h to provided m 

a nrL« j . A . . , M improved diaphragm of laminated construction with 

The conductor patterns on the membrane sheets can 20 re £ 0QS J mereni tfcckness and conductor 

be lormed by any weU-known techniques such as for Jfa f re roducing ^ Md . range , and low fre- 

example, vapor deposition, or by laminating a foil sheet auenc ies * 

to the membrane followed by etching to provide the q A *,. + . . . . - 

desired conductor pattern. In one preferred embodi- . Acco ^ * «*» object of the mvention, the 

ment, the sheets are of different size and are laminated 25 lamm f at f 15 composed of sheets of different 

together to form a diaphragm of stepped thickness. S12 f t0 / orm w dia P hra f m ?* on ? of * ,ckn * s 

To facilitate forming the diaphragm, a large sheet of Another object of the invention is to provide a dia- 

the diaphragm membrane with desired conductors ar- P^*** 1 ? f ^ ated construction m which the widths 

rays thereon can be formed, and then cut and laminated, ^or the thickness of the conductors can be different 

jumpers being provided to connect the conductors on 30 °" <J^rent layers of the diaphragm, and in which the 

the different laminated layers. thickness of the membrane material of some of the lay- 

Another way of forming the diaphragm, is to make a m * als ° different, 

large sheet of the diaphragm membrane having a de- A furthcr ob J ect » to V^vidt a loudspeaker with a 

sired conductor thereon, and to then fold and bond the sm « le P lanar diaphragm having different frequency 

sheet to itself to obtain a two layer laminate. By folding 35 reproducing portions, and in which the frame or sup- 

the sheet only partly upon itself, both single layer and P ort on which the diaphragm is mounted has an opening 

two layer regions are obtained, and jumpers can be therein of an irregular configuration to complement the 

eliminated by providing connecting conductors on the reproduction characteristics of the different frequency 

sheet which extend across the fold. reproducing portions of the diaphragm. 

A large sheet can be folded unequally around another 40 A further object of the invention is to provide a bipo- 
diaphragm sheet, to provide single layer, two layer, and loudspeaker with a tuning and filter arrangement 
three layer thickness diaphragm regions. Unequally which virtually eliminates rear reflection distortion so 
folding a second sheet around an unequally folded first ^ x *h e speaker can be placed very close to the wall of 
sheet provides regions of one, two, three and four lay- a room without obtaining such distortion, 
ers. The sheets forming the laminated diaphragm can, of 45 Another object of the invention is to provide a loud- 
course, be individually formed, and bonded one on the speaker of the planar diaphragm type in which frequen- 
other, and more connectors are then provided to electri- cies above about 1400 Hz are reproduced by a dia- 
cally connect the conductors on the respective sheets to phragm of a dimension at least as great as the wave- 
input leads of the speaker. lengths of the produced sound to obtain a distinct sepa- 

In accordance with another aspect of the invention, 50 ration and directional perception of the sound, thereby 

features referred to above are combined to permit long providing three-dimensional audio imaging. 

r^Z^^T^Z^Z^ BRIEF DESCRIPTION OF THE FIGURES 

diaphragm, and still less excursion of the tweeter re- Other objects and advantages of the present 

gion. 55 will become apparent from a study of the following 

In accordance with another aspect of the invention, specification when viewed in the light of the accompa- 

the sound which is emitted from the rear of a bipolar nying drawing, in which: 

loudspeaker, such as a flat diaphragm speaker, is tuned FIG. 1 is an exploded perspective view of a first 

and filtered to enable the speaker to be placed very embodiment of the loudspeaker according to the inven- 

close to a room wall without rear reflection distortion 60 tion; 

of the output sound. This is accomplished by forming FIG. 2 is a plan view of first and second conductor 

the support member as an acoustic filter. That is, the patterns used on the flexible membrane according to the 

support is formed as a housing containing a chamber inventions; 

and containing openings in the front and rear walls FIGS. 3a and 3& are schematic illustrations of hi-pass 

thereof. The membrane is connected with the front wall 65 and band-pass acoustic filters; 

of the housing and covers the opening and a layer of FIG. 4 is a rear perspective view of an alternative 

cloth or fabric is connected with the rear wall of the embodiment of the support structure of the loudspeaker 

housing and covers the rear opening. The fabric of FIG. 1 providing an acoustic filter; 



09/11/2003, EAST Version: 1.04.0000 



5,297, 

FIG. 5 is a side sectional view of a loudspeaker incor- 
porating the support of FIG. 4; and 

FIG. 6 is an illustration of the directional dispersion 
pattern at frequencies above 1400 Hz produced by the 
. loudspeaker according to the invention. 5 

DETAILED DESCRIPTION 

FIGS. 1 and 2 show portions of an exemplary first 
embodiment of the loudspeaker according to the inven- 
tion. The loudspeaker 2 includes a rigid rectangular 10 
diaphragm support 4 containing an irregular through 
opening 6. The support 4 is of generally uniform thick- 
ness and has a flat front face 8, and a flat rear face 10. 
The material of the support frame 4 can be particle 
board or other similar non-magnetic dimensionally sta- 15 
ble rigid material such as plywood 

The opening 6 in the support 4 has a lower generally 
rectangular portion defined by parallel upright side 
edges 12, 14 and a straight bottom edge 16 and an upper 
generally triangular portion formed by tapered edges 20 
18, 20 which meet at a peak. Thus, the through opening 
6 is symmetrical about a vertical center line and de- 
creases in width from the bottom edge 16 to the peak. 

Formed in the front face 8 around the lower portion 
16 of opening 6 is an L-shaped rabbet 22 with side walls 25 
24, 26 and a bottom wall 28 which are parallel with and 
outwardly of the side edges 12, 14 and bottom edge 16 
of opening 6, respectively. The depth of rabbet 22 be- 
tween its bottom 28 and the front face 8 of the support 
4 decreases in steps 30 from the bottom wall to the top 30 
walls, for a purpose which will be explained below. 

A flexible connector is arranged in the edge of the 
rectangular portion of the opening 6. Preferably, this 
flexible connector comprises free-standing beads of 
silicone sealant or other elastic material 32 which is 35 
applied into the rabbet steps such that the stacked beads 
form a pliant wall of elastic material, the top of which 
lies flush and level with the front surface 8 of the sup- 
port. Other suitable flexible connector means such as an 
elastic fabric may be substituted for the silicone sealant. 40 

Connected with the rear face 10 of the support 4 is a 
magnet assembly 34 composed of a rigid sheet 36 of 
perforated magnetic material on which a plurality of 
vertically spaced rows of bar magnets 38 are mounted, 
so that they extend into the opening 6 toward the front 45 
face 8 of the support 4. The magnets are magnetized in 
a direction perpendicular to the front face 8 of the sup- 
port 4, and each adjacent row of magnets is of a differ- 
ent magnetic polarity. 

Mounted on the front face of the support 4 is a dia- 50 
phragm 40 composed of a plurality of layers of thin 
membrane material 42, 44 such as MYLAR, each hav- 
ing a conductor pattern 46, 48 on one face. The layers 
are bonded together by an adhesive to form a multi- 
layer diaphragm in which at least one layer of mem- 55 
brane material is between each successive conductor 
pattern to electrically insulate the respective conductor 
patterns one from another. The conductor patterns can 
be formed by any of the well-known techniques such as 
by vapor deposition or by laminating a foil sheet to the 60 
membrane followed by etching to provide the desired 
conductor pattern. 

The lower portion of the diaphragm 40 is sealed 
around its side and bottom edges to the elastic sealant 32 
of the support to provide a flexible connection of this 65 
portion of the diaphragm with the support 4. A bead of 
adhesive (not shown) is arranged on the front face 8 of 
the support about the edges 18, 20 to adhesively and 
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thus securely connect the upper portion of the dia- 
phragm with the support. In this manner, the diaphragm 
is suspended from the upper portion thereof, with the 
lower portion being elastically or flexibly connected 
with the support -around the rectangular portion of the 
opening. Alternatively, only one side edge of the lower 
portion of the diaphragm need be elastically connected 
with the support, so long as lateral flexing of the dia- 
phragm is afforded as will be developed below. 

As shown in FIG. 2, the membrane comprises two 
unequal length MYLAR sheets 42 and 44 each of which 
contains dissimilar conductive foil paths 46 and 48, 
respectively, both having a generally zig-zag configura- 
tion. In order to form the membrane structure shown in 
FIG. 1, the two MYLAR strips are folded about the 
fold lines 50 in a back to back relation at the bottom 
edge and bonded together with appropriate adhesives. 
In this manner, the membrane 40 shown in FIG. 1 has 
areas along its height of varying thickness and contain- 
ing varying conductive patterns. More particularly, the 
width and thicknesses of the conductive foil patterns 46 
and 48 vary according to the frequency ranges they are 
intended to operate within when a signal sound source 
such as from an amplifier is connected with the conduc- 
tive patterns. The longest conductor path 46 is made 
from 0.5 ml aluminum foil, portions of which are re- 
sponsible for reproduction of the higher frequencies of 
the sound spectrum. For example, each of the paths of 
this conductive foil which comprise the tweeter area of 
the loudspeaker are subdivided into three parallel strips 
of i inch width. The four foil paths adjacent to the 
tweeter area are each subdivided into two parallel strips 
of 3/16 inch width. Conversely, conductive foil path 48 
reproduces primarily lower frequencies and is 2 inches 
wide and 1 ml thick. Of course, these dimensions may 
be altered slightly from those set forth above depending 
upon the material and frequency range being provided 
by the loudspeaker. 

It has been found that the increased thickness of the 
bass foil 48 creates an increased stiffness of the base area 
of the membrane which enhances the ability of the 
membrane to move uniformly over longer spans. Addi- 
tionally, changing the thickness of the foil or the 
MYLAR sheet changes the ratio of conductor mass to 
total mass and can be used as a means to change the 
output and resonance of different portions of the mem- 
brane element. Thus, the lower portion of the mem- 
brane 40 which has a greater thickness as well as an 
increased mass of conductor patterns, is suitable for 
producing the lower frequencies from the loudspeaker 
and thus defines the bass region thereof, whereas the 
upper portion of the diaphragm contains only a single 
layer of MYLAR material and relatively thin conductor 
paths to reproduce the high frequency or tweeter out- 
put of the loudspeaker. The intermediate portion of the 
membrane which has a thickness between the upper and 
lower portions of the membrane is suitable for repro- 
ducing mid-range frequencies. An electrical connector 
52 shown in FIGS. 1 and 2 is provided to electrically 
connect the conductor paths on each of the MYLAR 
sheets. This connector electrically connects contacts 54 
provided on each of the conductors. Direct intercon- 
nection of the conductors may also be provided when 
the membrane is formed as a laminated assembly. 

With the membrane 40 connected with the front face 
8 of the support 4 and with the magnet assembly 34 
connected with the rear face 10 of the support, the 
magnets 38 are arranged opposite the conductor pat- 
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terns and oriented to conform to the shape of the con- chamber portion being routed out of the interior of the 

ductive foil of the membrane. A recessed area 56 is solid piece of wooden material defining the support, 

provided in the support 4 to accommodate the top mag- The routed out chamber preferably would have a rect- 

nets associated with the tweeter area of the membrane angular figuration similar to that shown in FIG. 4. 

element. When current from a sound signal source is 5 In FIG. 3, there is shown a vertical sectional side 

applied to the conductors, the current running through view of a preferred embodiment of the loudspeaker 

the conductors causes the flexible membrane to be re- assembly wherein a baffle type support containing a 

pelled and attracted relative to the magnetic fields of chamber 118 as shown in FIG. 4 is provided with the 

the magnets 38 causing excursion or in and out move- remaining elements of the speaker. More particularly, 

ment of the membrane relative to the opening 6 con- 10 the membrane 40 is connected with the front surface of 

tained in the support to generate sound. Moreover, the front wall 108 in a manner as described with regard 

owing to the flexible connection of the side edges of the to thc embodiment of FIG. 1, and a magnet assembly 34 

lower portion of the membrane, the membrane is en- ^ connected with the front surface of the rear wall of 

abled to move laterally across the lower portion thereof me support Arranged between the magnet assembly 34 

to further increase the excursion or displacement of the 15 md me rea r wall 110 of the support is at least one layer 

membrane thereby producing an even greater range of of fabric or doth n2 such as burlap which acts 

sound output. Since the width of the elastic material 32 m a rcflector devicc for obliqucly ^fl^g high fre- 

is the same throughout its ^entire length progressively components from the rear of the louder. A 

increasing the height of the elastic material provides ? u \*ohL qw «« t j M iiv *.* n *™>mi »r4ii ^i«ti! ™™ 

longer base excursions are permitted with less variation Sff5£^ ^ 5 fT" ^ h 

in the membrane tension. Atthe same time, because the °J °J*T n c 

flexible connection bead has low flexure in the compres- 25 £l s » ot t ^ck-load» the tophragm. The assembly of 

sion direction, the edge of the membrane cannot freely ^ ^^Z^^T™ surfa ^ ^uch as 

move normal to its planar direction, that is the edges *° d * c back ^ «™? 

cannot move in the excursion direction. This suppresses mre ^nuates lower frequencies of rearwardly di- 

the tendency for the membrane edges to "break-up" reeled sounds so as to reduce both reflected and front- 

during long excursions. With such a connection of the 30 to-back low frequency sound cancellation around the 

membrane to the support, excursion movement of the ofthc bafIlc ' Thus ' dcs1 ^ not on! y attenuates 

lower portion of the membrane is at least ten times reflections but also increases bass output and provides 

greater than edge deflection of the membrane. More- 8 reater freedom for positioning the loudspeakers in a 

over, different excursion regions are provided across room. 

the height of the membrane, with excursion being 35 Ueu of the one or more layers of the fabric mate- 
greater in the lower bass regions and less in the upper nd » louvers may be provided behind the diaphragm in 
treble regions. tne opening of the rear wall to obliquely reflect higher 
Turning now to FIGS. 3, 4, and 5, a preferred em- frequency components so as to discourage reflections 
.bodiment of the invention will be described wherein a fr° m rear surfaces back through the diaphragm. The 
filter mechanism is provided for the support. First with 40 amount of open area behind the diaphragm is large 
reference to FIG. 3, there is shown a typical acoustic enough so as not to impede the excursion motion of the 
filter for sound passages that have dimensions which are diaphragm. 

small compared with the wave lengths to be affected. During stereo playback through loudspeakers, a max- 

More particularly, FIG. 3a shows a hi-pass filter (which imum separation of frequencies above 1400-1500 Hz is 

attenuates bass) and FIG. 36 shows a band-pass filter 45 necessary for accurate reproduction of three-dimen- 

space (which attenuates both bass and treble frequen- sional cues. Wide dispersion of these frequencies by 

cies). Using these principles, a suitable filter mechanism stereo loudspeakers suppresses dimensional cues, while 

may be provided on the loudspeaker of FIG. 1 by modi- beaming of these frequencies by carefully oriented di- 

fying the support 4 as shown in FIG. 4. rectional stereo loudspeakers provides maximum sepa- 

The support 104 of FIG. 4 includes a front wall 108, 50 ration and a consequent improvement in three-dimen- 

a rear wall 110, side walls 112, a top wall 114 and a sional reproduction. 

bottom wall 116 which define a chamber 118 therebe- If the wavelength of a reproduced sound is longer 

tween. The front and rear walls of the support 104 each than the width of the loudspeaker driver reproducing it, 

contain aligned openings 106 having a lower rectangu- the emanating sound will be dispersed through a wide 

lar configuration and an upper triangular configuration 55 angle. If the wavelength of a reproduced sound is equal 

which is similar to the configuration of the opening to or smaller than the width of the loudspeaker driver 

shown in the support 4 of FIG. 1. The openings 106 in reproducing it, the sound will emanante as a directional 

the front and rear walls communicate with the chamber beam. This characteristic can be utilized to create a 

118 of the support 104. A plurality of apertures 120 are loudspeaker that exhibits selective directionality (above 

provided in the rear wall 110 above the opening 106 and 60 1400-1500 Hz) for improved three-dimensional repro- 

adjacent the top wall 114 and also communicate with duction. 

the chamber 118. The chamber 118 thus acts as a filter The above characteristic dictates that, for all frequen- 

mechanism for attenuating low frequencies without cies above 1400- 1 500 Hz, the loudspeaker driver (or 

impeding long excursion of the diaphragm. drivers) must have a width which equals or exceeds the 

In lieu of separate front, rear, top, bottom, and side 65 wavelengths of the frequencies which are reproduced, 

walls, the support may be formed of a unitary piece of For example, if a driver has a width of 3.378", which is 

wooden material which has a through opening pro- the 4000 Hz wavelength, the driver must be used to 

vided therein as for example shown in FIG. 1, with the reproduce sounds at or above 4000 Hz. 
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While this size/frequency response relationship can ing toward the listener's face as well as moving away 

be satisfied by light-weight cone or rigid panel loud- from the listener's head around and above the head, etc. 

speaker designs, it is probably most easily embodied in As set forth above, three-dimensional imaging is not 

designs where a relatively large, low mass membrane limited to membrane type loudspeakers. In loudspeak- 

area can be used to reproduce higher frequencies as in 5 ers with conical drivers, the drivers should be light- 

the present invention. An example of a membrane and a weight and rigid for best performance. These drivers 

cone design are provided, but many other variations, are formed for example of polypropylene or carbon 

both with and without crossover networks, are possible. fiber. 

In the upper triangular region of the membrane loud- The piston diameter of the loudspeaker which repro- 
speaker shown in FIG. 1, even though the foil conduc- 10 duces frequencies at and above 1500 Hz should be 9" 
tors are bonded to a common membrane, each conduc- (corresponding approximately to a 12 inch loud- 
tor behaves somewhat as a separate loudspeaker driver. speaker), so that the reproduced frequencies are direc- 
The length of each conductor/driver across the open- tional. The lighter the piston, the higher the frequency 
ing in the support determines the maximum desired response of the loudspeaker before high-frequency roll- 
wavelength of reproduced frequencies for that conduc- 15 off occurs. For this example, assume that this 12 inch 
tor. Both the span length and the combined masses of loudspeaker responds flatly to 4 KHz before roll-off 
the foil, MYLAR, and adhesive determine the natural occurs. A crossover network is then used to provide 
resonant frequency of that individual conductor/driver. frequencies above 4 KHz to another cone driver which 
The output of the conductor/driver is maximum at this must have a piston diameter of at least 3.378" (approxi- 
resonant frequency. At some frequency above rcso- 20 matcly a 5 inch loudspeaker) to guarantee directional- 
nance, output will be attenuated due to the mass and ity . If this speaker responds to 10 KHz before beginning 
stiffness (damping) of the conductor, membrane, and to roll-off, a crossover network is then used to provide 
adhesive. Frequencies below resonance are attenuated frequencies above 10 KHz to another cone driver, 
because they are below the resonant frequency. ^ which must have a piston diameter of at least 1.35" 

Because the resonant frequency is inversely propor- (approximately a 2 j inch loudspeaker) to guarantee 

tional to the square root of the mass, the mass of each continued directionality. For best results, these cone 

conductor/driver can be selected so as to create a reso- drivers should be arranged in a vertical row on the face 

nant frequency equal to or above the frequency corre- of the loudspeaker, so that no horizontal image shifting 

sponding to the length of the span at that conductor. 3Q occurs as frequencies are reproduced by the different 

The mass of each conductor/driver can be tailored by cone drivers. 

changing the width and/or thickness of the foil, as well While in accordance with the provisions of the patent 

as changing the thickness of the MYLAR and/or the statute the preferred forms and embodiments of the 

thickness of the adhesive layers, so that the low fre- invention have been illustrated and described, it will be 

quency limit dictated by each span length is never ex- 35 apparent to those skilled in the art that various changes 

ceeded. and modifications may be made without deviating from 

As the apex of the membrane opening is approached, the inventive concepts set forth above, 

conductor lengths are shorter, resulting in proportional What is claimed is: 

increases in the resonant frequencies of the correspond- 1. A membrane for a membrane-type loudspeaker, 

ing conductors. However, for the more delicate very 40 comprising 

high frequencies, the inherent stiffness of the mem- (a) a plurality of generally planar layers of flexible 

brane/conductor materials may become significant, material having the same widths and different 

damping the output of the conductors. A further reduc- lengths; and 

tion in mass may be used to compensate for this retard- (b) a pattern of conductor material mounted on each 

ing stiffness in order to produce adequate high fre- 45 of said layers of flexible material, the conductor 

quency output. For example, the conductor strips may material on at least two of said layers having a 

be progressively reduced from single 3/16" wide strips different mass, said layers of flexible material being 

in the 2 KHz region to three paralleled 1/16" wide connected together in stacked relation with said 

strips in the highest frequency region. conductor material being sandwiched between 

There is shown in FIGS. 6 a polar response pattern 50 adjacent layers to define along the length of the 

for the loudspeaker according to the invention at fre- membrane areas of greater thickness and greater 

quencies of 4, 6, 8, and 10 KHz. In order to provide conductor mass and areas of lesser thickness and 

three-dimensional sound, the operating frequency must less conductor mass for bass and treble responses, 

be above 1400 Hz. It is noted on the response patterns of respectively. 

FIG. 6 the general steepness of the sides of the patterns 55 2. A membrane as defined in claim 1, wherein said 
and the absence of fringe lobes. These features allow layers of flexible material are formed of an integral 
more precise orientation of the speakers relative to the piece of material folded to define said stacked multi- 
sides of a listener's head, providing extremely wide layer membrane. 

separation at higher frequency. All of these features 3. A membrane as defined in claim 2, wherein said 

contribute to three-dimensional sound output. With the 60 conductor material comprises a zig-zag layer of thin 

unique configuration of the membrane conductor strips metal foD. 

relative to the support opening, the loudspeaker accord- 4. A membrane as denned in claim 3, and further 

ing to the present invention meets the teaching of man- comprising adhesive means for securing said layers of 

datory directionality of frequencies above 1400 Hz. membrane material together in stacked relation. 

That is, with played-back sound images from the loud- 65 5. A membrane as defined in claim 4, wherein said 

speaker according to the invention, the images are all in layers of conductor material on said folded layers of 

their correct three-dimensional locations including posi- membrane material are electrically connected for re- 

tions out to the sides of the listener, up and down, mov- ceiving sound signal currents from a source. 
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6. A filter for a dipole loudspeaker having a driver, 
comprising 

(a) a housing including front, rear, top, bottom, and 
side walls defining a chamber, said front and rear 
walls containing aligned openings communicating 
with said chamber, the loudspeaker drive compris- 
ing a membrane connected with said housing front 
wall and covering said front wall opening, 
whereby low frequencies are attenuated without 
impeding long excursion of the membrane; and 10 



(b) reflecting means comprising at least one layer of 
oloth material connected with said housing rear 
wall and covering said rear wall opening for 
obliquely reflecting high frequency components 
from the rear of the loudspeaker. 
7. A loudspeaker filter as defined in claim 6, wherein 
said rear wall contains a plurality of apertures commu- 
nicating with said chamber, said apertures being ar- 
ranged adjacent said top wall. 
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